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■a-. 



1 1-3 4.6 2 1 1 



[0 0 0 3] is*3i5©ft?if^a€«, 2^km^ 
im'i'yiyy (qub 1 1 s) . mmm\z\m<Dmm 

(D^Mo^mi^^ij'^ikmiz. Sik^iy h^^^it (en 
coding) Vxmmt^h<^X$>^. ClOtfe^coSi 

(q u a n t um teleportatio 
n) tCfcO^tlTcbSfcSi). If^amcDIS®^^ (se 
c u r i t y) ©#Il75^#en-5. 

[0 0 0 4] :i(D^ofsim^mmmm\t. 1 9 

9 3'^, 7:^^)ti<0^^y h (C. H. Benne t 
t) ^JCiOffilg^nTViS (2 9 MARCH 19 
93, VOLUME 70 NUMBER 13 
'Jt>)V l/fi- ^i57-X (PHYS I CAL RE 
VIEW LETTERS 1895—18 99^— 

i6g?:b^6<l(C'fe'Qnfefeit-?g>^T- (EPR^T-) 



ii*«i tffi«<D»^®ffl;&S. 20 

w?^m^m\z^^^T. 

BafBjii^fg±f*3t^i6^6^-n^n«^:t»^wtsvitc so 
m.mm\t. nn\z'^n^f^\tm2<D^=f-<DU%'^m^ 

m2©3t^<»:»^:^!^«(rfflHLTan^m 

^i:<&i^iifrs«^amse. 40 

[0 0 0 1] 

mm. ■^ib\z.nm\z\s.. mFs-h^m^m^m.m^te^^^ 
'^m\zm^-t^wfmmi5WSi.-amm\zmr^. 

[0 0 0 2] 

SAf (bits), IP-SO, i^a^ji<it--53: 



^cie?<i:m<i#©J^cTVi-5a^ (EPR'^T-O- . 

S-:?^, §^i«d«fii*bTVi-5EPR'^7-ot>5-;& 
©S^ *«fp-rs t ic j; t) 2lfi#*m^fl:Ljtsa^o 
tt^. fin-&»^k'7 hSUSL, (d e c o 

ding) LT 1 \iy hOSIIt^^T^-fr^^l td^T# 

[0 0 0 5] c:©7'l/'3j?-xx'ri^3> (t e 1 e po 
r t a t i on) h [1] ) ©^If 

m^smmm^tm'F)i'-h\z^n. •SAaftsss^b 

T2tfy h©«$g<tbTfi^1-^t<!:'&iC (4^©a!lS 
igStt2 f .y hT^ST^S) , EPR^T- (S^ 

[2] , [3] ) <Dm^ti^t^f3i%^n^m^)i^-h^ 
itLTm-r^^t\zj:r)^ m^\zj:K)m¥^m:bm^ 
$nfcs^ [1] (Dm^'^m^^mm(D^m-r^m^ 

[3] (CiSViTSiKI-^ClidiT^-SCtSr^tlStbT 

c:©xi':a?-xx'fv'3>T©*^;p-hfc«, 
affis&©cfc5^affli^d^fe^*?ttT«;^i/i©T', afflss 

§^bfc:SmJ^'b^*)#OI§-r, *fc*AafflK*:n- 

b^cit^ttsigsnT=b^©it^fc*ttT««i? [1] © 

»^«^li<£flS-r5CtttT#;feVi©T, ffi^WlcSK 
^pI|g;a:S^affid<"It6K:35:St> tifctiTV^^. 
[0 0 0 6] 

[^l^d^/S*bct^»i:-r5IIS] ^©S^t'';/!-©^^ 
RFp^S<hiq^«ns=b©©]EbVig«?i:'&aM^ma!lSii 



( 3 ) 



<^m^ 1 1 -3 4 6 2 1 1 



(1 9 2 6^) <^>y-1'V> (v o n Neum 

ann) (D^mmmtmin^mmmmizm^\>^x ^ 
[0 0 0 7] t^oT, ^<D^o-/3-mm,^jz^ 

[0 0 0 81 



1 9 8 0^, ISIffl-M^g^tLTitil^nTVi-g,, C 

[0 0 11] aj^^n^j^tfiii^gST^g 
ztD^^izB^xEPRmm^mmnmxiimL. f^m 



i>ii^**-r5^2<i:^3 0^^S:^4$-&, 

#jcjii«t. %2(D%'?-tm^ti'^m\znm 
\^xm.n^f^z<D%=?-(Dm%^m^mkm'&h. "^(dm 

[0 0 0 9] ^tz. *%BJT'«, »^^tt.«^ji{t#*^e 

tri^n^'i-:h^mzm^\zi^m-r^m%^m-r^^ 2 

fflU, §^t#«, m2©7t^<!:*^;/3#e<){cffiMLTS 

<^J8©^Rft*fl^ LM{g#d*2l« t J; 5 <>: t ;fc1t«*lf 
[0 0 10] 



(1 9 9 1¥) \t7^^vtzo z.n\zn\^x. h 
[0 0 12] *^Hj«. •eg#}5fesij>itfigiL-ri.j:<^5n 

fc#)a»SrliS!)-r ^ C t {C J; D 7^ l/7f?-xx-r -> 3 >© 
BIB— M*SiSi{3St?#M^:'j^«)^*^*^a^ff^JTBa 

)£f ^ d t {c± 0 z.<Dmi-mm^%^\zmm-ti> tifi 

[0 0 1 3] -Siftk'-/ h roj . rij«, »^t*>>H 
(qub i t) x\t. -c-n^n 

[0 0 14] 

[1^1] 

k«)=s|T)+^|0 
k,)=«.|t>+&.|i> 

x^m-^n^o z.::x, \^,>(i=o, i) m 

'TV h*is I >*fflvifcm?^ [ 1 ] (n^m^^ hJUTfe 

^. Sl? [1] ^m^tr^t. m^wtt^^i^h;!/ 
±i6]^c7)7-tf>t<^ffii:T[S]^cD7.tf>i t^^oa 

T. 
[0 0 15] 

fig^j-^sy^trn^. 1 1 a. (DmMm<o 2 sio 



( 4 ) 



1 1-3 4.6 2 1 1 



>icmu *fc-&At*yh rij \t. ztr>©±T^ 
»im^tn\f. i t a, oie^fffi© 2 ^©a 
^-c, ^fct^^i i>*tb,0*feM^i©2^©{i$-e^ 

[0 0 16] a^^^wicfeonfci 0 o%©fflK*fe 

0 2ii©ffi|()fe^^«, EPR'^T- (EPRtt> Ein 
s t e i n— P o d o i s k y— R o s e n 

thmitix^o. ;^tr>i«3S (s i ng 1 

e t) , lp-5^Xtf>O:»c^Sj&i0T±TfiK^)-'bifD© 

<«ffifcfes;^tr>i/2©2m^-cii:isn5. cio^^ 

[0 0 17] 
[IS 3] 



10 



-e-n-i?ni/2®5i$Ti t>. i i>,*5Vi« 

as^nna (5 0%©?i$) , ffi:&cDiK^©7.e>t^si 
(Dmmmm^mmz. (100 96) Ti&j^T&st^^mT 

[0 0 18] 7t> ' y-fV>©lt;^iSiJi{rtSl/iEPR 
'<7-*ic3©i3fCEi^-r5t. Vi^Dl3)^EPR/l7 

[0 0 19] 
[^4] 



[1] d^xe>±i»i#<^®»c, <ifi^oii^ [2] d^xt; 
[1] di7.t!>TiS]#l^^{c. ffi:^©m^ [2] *i7.tr 



20 o^mt 

[0 0 2 0] 
[S&Sl 



P«-*P«..-|(lr),(t|®|i>,{i|HO.(^l®|t>.(t|) 



[0 0 2 1] 
[|S:6] 

P2-*P2.» -3>-^'^(P.2.-.) = P2 

[0 0 2 2] 
[»?] 

[0 0 2 3] igc6©^2^«, ffi;^©Sl[^ [2] 

3 O j; ■S JCfSjjEbfc«^Jc5S±-r -5 E P R/-? 7 K y ^7. 

[0 0 2 4] ^dT. ±i2BLfc*i^:^l#W(C'bonfct« 
ll$^tJ2®OSi^ (EPR'^J-W&^i) ?&tfllS!K[i^ 



[0 0 2 5] HlC^tyci^K, jift^lOtt, ilM 
I WAf-;/}- roj , rij ICISI^T i =0. 

30 1, I ((>.>, 1 1 ^^>AtmLwm\ztb^) t. ^(o 

it52^*SI I !/).>. Tab [1] <D-/tiyi7 1 l^m 
[0 0 2 6] *fcv SI. «^:^^6<)tc:=bon 

fc*e^*^tj2fi©*iS)Si^ [2] , [3] ^mmh, 
-:^(Dm.^ [2] ^mm^iotfi. sfcte^^om? 
[3] ^sm^i 2>ii^«wr^. tLx. ^m\t 

[2] t [3] ©-^figJ^l 4T:ftjlftfi©;*:f-^ 

I, ^-©2 -j^^J-i^O. 1, -l©3-r)©4^^| 1. 0 

>,,v 1 1. i>M. 1 1. — i>2,**«-rs. * 
40 tz. mmmi ott. zini^o) 3-o<D^mt^^ [i] © 
I (i>.>, I 1. o>.,> u,>. I 1. i>,.. 

I iA,>, I 1. — l>,,$f^O. C:n$r2 : 1 : 1 ©^ 

mfTm^m^^xmm-r?>t. 1 1. o>=i^'*'>, 

II. 1>=|1X I 1. -1>= I -l><!:SVi 

[0 0 2 7] 
[^8] 



( 5 ) 1 1 -34 6 2 1 1 

7 8 

[0 0 2 8] 1. 14\Z^lt^-r^ 

[SC9] [0 0 2 9] 

|^) = «|T)+i.|4) ISioi 



Pi=7>^^(Pt.23) = ^M<V! + k),(^|} 



*^#?>n, ±EO (1, 2 3)1^^(12. 3) mztS. [0 0 3 0] 



[0 0 3 1] :kiz. mmmi o\t^»(D^^-rm'? [0032] 

[1] t [2] (1, 2) ?^l ST^SK*® [|S:l 2] 

-jnii)„(»iH-i>„(-i^®*rituti*Hii>.{ii> 

4l*'*')«(*'1®PWl').{fh*i'l»>,(*h'"'1t>,{*K''-*|i),(t|> 



2 

+ 



v->)jM.'-.|®{2|«r|t>.{f|.2|6rio,(ii-rf>if)3{i|-..-Ht),(ti}] 



2 

©ct-5t^^$n, [0 0 3 5] -SAbfy ho, iwff^-fb. 

[0 0 3 3] ■ &o^ztt©:;^fR]tt, *6)4^i;ie)2^§m#-c^je)T*5v^T 

[SS:i3] "biub, «#'fboiS©a!l:tie«o«$oS*^5^*-ttl 

40 i\ mm^mx'mmz^y)^m-^nttm=f'\£yh^^m 



Sr#s. [0 0 3 6] [^^^m^^^tzf^iommmm] ±m\^rz 

[0 0 3 4] 3il«#10tt. (1, 2) «OS!l^CJ:D iiatt. 7-tf>l/2©S[^ TrI 

tte.-a-i>, ^o)mm^§i\m^rz^mmi 2\t^^(Dn ^x\^>o)i^t>K>izm^^^m^\t. 

■O^^ [3] 0<^^2 0»C, -en^'tll <J)i>.3?.(i I T/> [0 0 3 7] 

, >, n^mntz n t ^» o , [is 1 4 ] 

#tt&^ [3] ©SI^ICiS^^^tT I x\t\ 



( 6 ) 

9 

!«♦) =jc 

\t)=y 

t>=x. I i>=yfe5Vitt-€-©jSSt^««ASJ:t 

^^©IS: 8 fc^lS-rSttJgRlKH 1 D i7 1 8 . 2 0 
[0 0 3 8] 02{Ctt, C<DX^<Df3i^nnM=J-^^f- 



1 1-34. 6 211 

10 

•yiS'- (fitTPBStVip) 3 3T, M?t:3&|pl*« 0 06 
SnfcJt^ tt, 0 l'*f^-r 5«ic a . b a X, t 

'v, *fcax.ti5^-3 4T'SM^n/cm7tmT«^ 
§6 I'v^jSmS, 
[0 0 4 31 7\-7 5 7-3 lTSI*Snfe3ie« 

$ns. ii©7t/2ii^*^@ite$n^c7tTtt, ^©^p 

BS3 7T. (0 + ;t/2) iCjtl&l-S^gSca', -b* 
<£'boa'y, t-b* x,{C^#J$n, a'y.tt-?-©** 

7tm^iifgf?6 4-\, -b' x,tt5 7-3 STSItSn 

7t«^iifS'ff 6 3 t^>i^n^o 

[0 0 4 4] :i(Dytf- [1] ©yn-yi^ 3 0 tt. 01© 
[1] ©yo^;/^^! 1 (C^Ji^Ib. fi^tfy h I </)> 

, ©^^ -5-©E5£<^l8 I o^am^-^tift:! 

t\Zi3:^. ^©^-a-. -g^tf-yh roj . n'j tA^gjfe 



[0 0 3 9] 02tt, m^mzmmy3i^^(D^^—D(D 

1 0 \tZfa yi721^. 1 2 >:y 20 

So #1/— tf-/i;i/7.«2^«SliSt!?4^S (0y;^«> 
KNbO,^f©igS, 6^TSHGtVi'5) 2 3 lCA« 

[0 0 4 0] SHG2 3/&i6., MMWi^co-cmmr) Vtc 

tft=ftMmmm'i 2 w {c^b^ fe^© 2 

^mWiWC0i(Dytf\t9t'f [1] ©:/Dyi7 3 O'V. 30 

^Sl!ll^2 w©7t^«, «aj;^aKNbO,?it*©i5'-r7' 
I ©#^}^^^3!)^^«^$nS/1^^ h U >>i7^^S5 

2 4's»/&ms. c:©PDC2 4T. ^iSKllS: 

[2] ©7'D-yi74 O-v. fe-5-::^©3t^«7ie7/'-1'A* . 
-2 5<&^fiUTSm#«©7t^ [3] ©:/ny^5 0 
'\3ie.n-5, PDC2 4d^6aifc27t?«i5'-1*y I ©iK 
*©«•&, •5-©M?t4^)!lj5^SVMCx m±. 

[0 0 4 1] [1] oy-^^ayi/zo. 

[2] ©•/□>;/ ^^4 0, [3] 0':/Uyi7 5 0©)© 

[0 0 4 2] SHG2 S-ffiib'^fayi? 3 Oizmil^ntz^ 
^ [1] «A--7 5^-3 lT2 0©^SSlC53'f'J^n, 
A-757-3 1 S®jibfc7t^«M^I5IiE^ (tKS, 
7T7X-|Hie?<!:Vi3) 3 2<£aO, m^:^\^i!l^dm 

m-^nx I <j)>,t^^*i}^B!c$n-&. sniijt (y) ^ 

ffijS^li:. (x) S:KI*-r5{S7tf-A7.yU 50 



[Hlg^ 3 2. 3 6 T{i7fe;^|Bl e ^r^-ntcMjS LT^St" 

[0 0 4 5] PDC 2 4di&:/Dyi'4 0fc3l*^nfc^ 

^ [2] M7tt^^«-5-©**T. A-75^-4 1 
X2-0(Dyt^\Zji-m-^n. A— 7 5^-4 1 <£ajiLfe' 
PBS4 3T07tx, ty,©7t^lC5i-fJSn. [g 
7ty,©7t?^tt-€-©**Jt«^itf&«7 2^^, iS^x.© 
3t^«5 7-4 2TSWSn/t^, Jttt^^iif&«7 I'Nv 

-4 4-eSW$nfc^PBS4 5T-M?tx: ty,©7t? 

ici)-ty$n, ii7ty,©?feTtt^©ss7tm^iifgW7 
^^ti««7 4'vt»*^n5, 

[0 04 6] PDC24>5^e., 7^7 r-f A- 2 5 $r^fi 
bT§fl##J©7^P->i' 5 O'vUf.n/cTt^ [3] ttA 
-yS.y~5 lX2-Z)<D^^\Z^m-^tl. A-75^- 
5 l^a©bfe:3^ttPBS5 2T«3tx,, y,©^?»C 

^fij^niiTty. ©?t-?«^©**7t«T±ifSi^8 2 
«fg't8 1'^t^d^ns. A-7 5 7-5 iTS*r$n 

fc:!^«A/ 2 ©¥»««5 4 Txil^t yfilJtdtAtlgl 
ASnfc^. 5 7-5 STSW^tlPBS 5 6TiB^x 

i ^:y.©7t^l3:»-fij$n. (13^ y, ©7t^«^©*S7fe 
«^m«8 3'v. M3tx,©^^«S^-5 7TSIt 
$nfc^7t«^iif&«8 4'\i:^;5^n-5. 
[0 0 4 7] C(DmmX\i. V—^-/VV7.^±^2 2 
(D^JVVT. irrtic-^p yiPZO ©3t«^lift« 61-6 

4©t*n*\ 7'o>>^4 0©^m^lifg'g7 1~7 4© 
<h*nd\ :/D i7 5 0 ©Ttm^ iifS'S 8 1 ~ 8 4 © t'tl 

^-n^'tiTt^^due'cJo^n?)©!!. [i] 

[2] T-f^-5SI5^J-?^T2lf»#*«ff5S!lS«. 03 

\zm7h\.tziio\z. 2-z><o^7-^x\ ^n^nmyt 

^;^7'7>^'lll~ll S^m^^xm^^^^fro^it 



( 7 ) 



11 



[0 0 4 81 ;bC7>i5'i 1 1-1 14«, tftm'i'm^^ 

63t71, 61i:74. 62<i:73> 64i72<D# 

©2«*i-tn^n:^J'»^®til*a^ 9 l~9 4lC=^e 

[0 04 9] |5l;^IC. fj^y^^l 1 5~1 1 8\t. ytM 
^mi?61t7 3, 6 3<t7 2, 6 4t7K 62t 
7 4(D^^7-t^^<D^'ffim^izmtl^m^tm^^ 10 
ffUfcU ^^Sca, bC^lSbfcfUSlS^a, b. a, b 
®«6*tfiI®2md<-5-n-6n*'^>^'©tH:^^9 5~9 

[0 0 5 0] ci©a!i^^^S:4-A^A;i/7>rto[^^fh 

^> •r?5:t>%. iJ^y^^-di^fit^^f^ 1~9 8©£0 

IC-&jftiiff-r-5o Sffi##JTtt, TtS^iifgWS 1-8 
4tPfitS©i:W)S^fc^^^;0t:^nfcA^&SI$t, ^OM 



, #gl¥ 1 1 -3 4 6 2 1 1 
12 

^■©HflsSrSjIiaffiKSfflViTgm^ 1 2 k:2l«f5. 

[0 0 5 2] %=^- [3] $8!l^-r^§ft#l 20a!)5£^ 
^a., a,, b., b,«, g|{i#l O©^? [2] ©SO 

* 0 , ^m^m- 10 1-10 8 \z\t. ^-n^nTK^d 

m^im*f 8 1-84 \zmm(DE(Di^'f-\z^=fi)mnfz 

mm-(i(Dn^nw^^o^-&mmm\z^^:^x%i^^rzm 
^^^\z^=i-tmtnt^m. o*o9itioi. 92 

tl 0 2, 9 8tl 0 8fc:|^l^gi-ia:(D# ^nfctBgl 

n^so^s^ 10 1, 10 3 tsttM^t (y> ) tc^n 

-sao^ssT 1 0 2 > 1 0 4 t^i^ 6, Sfi# 1 2 «^ 

Jl©<h#. 1 0 5-1 0 8S:ft-b 

[0 0 5 3] -:)5. mm^l Oifi rij (Dli^yh^m 

mv^ot-r^m'^iz\i. -^-nt^Bcr roj osffii^ 
^-b^^kbT rij {cm-ri> I t/),>., I <;>.>,©« 

[0 0 5 4] 07«, ±5gLfc->-'ir>X^S<S1-^fc 
fe{C, Mft#tC<t^7t?[l]<!:[2]©|fIBtfH^i, §m 

0^*faiist-r2.fc*K:, 02©^?[i]~[3] 

[0 0 5 5] I/-- tf-/'^;V7.^^g§2'2die,-O03fe? 

^^^^■r-si. ^n^*n^^[i], [2], [3]75i:/n-y 

i7 3 0, 4 0&i;5 OtC^^^ni). C(D^O\Z±^^ 

nit%^[ 1 ] ««Ric a i b \z^^hitmmx%n.=f-mm 

1^6 1-6 4cr»tirn*^K:, )fe^[2]tt4^©lCD5|^ 
TTtli^ lifgl= 7 1 - 7 4©Vi-rn*UC. ^fc7t^[3] 
t) 4 1 ©?fi*T-3tm^li^'t 8 1-84 © V>Ttl*^ 
0 7{Ctt. W-1f-/i;i/7-^gSg2 2*»&Jli 
;^i:^*<?8*tfct#. 3t«^«««6 1 1 6 2. 7 3 

t7 4. 8 3 18 4lC7>yA^c)a;^l::Kn«)3t^[l]~ 
[ 3 ] t^^ti^nm^^nx^^^. 

[0 0 5 6] 3i«#l 0«. 0 7ic*b;t:J;^(c, «^ 
9 5. 9 2, 9 3 t^^iT7t^[l]tt2] 

/y-fe— /<»:©ffiM^t»5, BI7T^-n^*n (■*) 
t ^C7t^ [ 3 ] il^ :^;^»CfflKir57t?[ 2] 
fl!lT7t?[l]t-ScffS!l$nTVi^C:t^ar). (*) 



ig^lClSCT. ^-n^nSl^^dU 0 1-1 0 80J: 20 

«TMe.nfcsim#©iiieF«-i?cwijf (c, 9 1 1 1 o i . 

9 2 1 10 2, -, 9 8i:i 0 8»cra^ff^o#e.nfc 

0 1-1 0 8 0J;'5»C#e)n^, «^ 1 0 1-1 0 4X 
\t. ?S^b©*fe^fil©2^Xx.dt, *fe5l^a©«i» 
{l©2^Ty.*^#e.ns©Tv «T101-104J; 

0 I t<>>,*^jienfcc:tdtt)**s. 1 0 5- 

1 0 8 Ttt, 5t^ a (Otmmo 2 «T x, 30 
b©J6*fffl02STy3/5^^ie.n^©T. 1 0 5- 

1 0 8 I (t>,35^3i^n/tc:<h*^t)*^§. m?.\t. 
i@nt#i ott roj ©1 h^mmvi^otr^. t 

02©^— tf-/'?;w:^3tili2 2d^&:h/g>g«© 

e^3 2, 3 6(Cj;t3 roj t^^jSbfc^^a ©7K¥<H 

I <i).>, t^©ii3!£t^i8© 1 1^.>, *<#e.n^ (3t 

? [1] ) o PDC2 4tCctOBFf^©®7tx/y<&#r 40 
Sjt? [2] , [3] ^f^figb, [33 Sr)t7 
y-Y A*- 2 5 $:irM,T§m# 1 2 
[0 0 5 1] 2lffi#l Ott. 5tiii2 2;5^&©U— tf-/-? 

0 o/i;i/;^ (1 o©v-r:>-x7*g>) - i o o 

0/t;i'7. (1 0©V-r:^7.6^^3>) ICOViT* 1 

11-118 ^m^^xmmn^-r^o m'i'ts^\z^-DX 
&z^mmm^i^x$>^(Dx. "^(om^m^i)^ roj 
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